I N T R O D U C T I O N
The debate over the appropriate role for the posterior cruciate ligament (PCL) in total knee design has continued for more than three decades. Excellent long term results have been obtained with cemented condylar total knee components of the cruciate sacrificing, cruciate substituting and cruciate retaining designs. However, important new information in the area of biomechanics, 5,14,20, histology, 17 gait analysis, 39 kinematics, 7, 36 and results from clinical trial, 6, 8, 12 have further strengthened our long term held belief that a posterior stabilized design is the implant of choice for most primary and revision total knee arthroplasties.
HISTORICAL OVERVIEW
Many current total knee implants were derived from the Total Condylar Prosthesis (TCP) (Zimmer, Warsaw, IN), which was introduced in 1974. The original prosthesis was a cemented cruciate sacrificing, tricompartmental prosthesis, with a relatively conforming tibio-femoral articulation. 15 The TCP relies on soft tissue balance in flexion and extension, along with moderate articular conformity in the coronal and sagittal planes for stability, because the PCL is excised but not substituted.
To prevent posterior subluxation of the tibia and to improve both range of motion and stair climbing ability, the TCP was modified to the Insall Burstein Posterior Stabilized Prosthesis (IB I) in 1978. The femoral cam was designed to articulate with a tibial spine as a substitute for the excised PCL. This spinecam mechanism functions as a mechanical PCL. The original tibial design was all polyethylene and was fabricated with metal backing in 1981. In 1987, the design was modified to a modular construct to accommodate modular tibial inserts, wedges, stems and augments. This became known of the IB II prosthesis. Recent changes in the implant by the original designer, John Insall, have evolved into the Legacy Posterior Stabilized Knee Prosthesis (LPS) (Zimmer, Warsaw, IN) ( Fig. 1 ) and the LPS-Flex (Fig.  2 ). This latter implant has both a fixed bearing and mobile bearing tibial component and was designed to restore greater knee motion ( Fig. 3) (Table 1 ). However, it is important to realize that all posterior stabilized knees are not the same. There are variations in the radii of curvature, patello-femoral articulation and the spine cam mechanism. The clinical results with one design can not be readily extrapolated to a different design.
Kinematics
Retention of the PCL was introduced as a way to improve TKA kinematics, preserve femoral rollback and to increase knee range of motion. Recent work, however, suggests that the in-vivo kinematics of the PCL retaining knee are unpredictable. 7, 36 The kinematics of the posterior stabilized knee, meanwhile, appear more reproducible and are governed by the interaction of the spine -cam mechanism. Stiehl used fluoroscopy to study the in-vivo kinematics of five normal knees and 47 cruciate retaining TKA of five different designs. 36 In contrast to the normal knees, the cruciate retaining TKA demonstrated a tibio-femoral contact point which was posterior in extension and translated anteriorly with knee flexion. 7 While the normal knees in that study moved smoothly during the flexion cycle, the cruciate retaining TKA demonstrated a discontinuous or skidding motion. Dennis et al. have also shown that cruciate-retaining designs demonstrate paradoxical anterior femoral translation with knee flexion. Those authors expressed concern that anterior femoral translation may promote premature polyethylene wear in cruciate-retaining total knees. The posterior-stabilized total knees studied by Dennis et al. more closely reproduced normal knee kinematics but neither the posterior-stabilized nor the cruciate-retaining designs fully duplicated normal femoral rollback.
A biomechanical study by Mahoney et al. has suggested that both posterior-stabilized and cruciateretaining total knees result in less femoral rollback and less quadriceps muscle efficiency than the normal knee. 20 However, the posterior-stabilized design produced more rollback and better quadriceps efficiency than the cruciate-retaining knees.
Range of Motion
The original cruciate sacrificing total condylar design produced a mean maximum flexion of 90 to 95 degrees, which is near the theoretic limit for a total knee lacking femoral rollback. 15 The introduction of the posteriorstabilized design allowed flexion to improve to a mean of 105 to 115 degrees. With the cruciate-retaining total knees, recent emphasis has been placed on balance, by selective partial release, of the posterior cruciate ligament. 30 One prospective series of 242 total knee arthroplasties compared cruciate-retaining; cruciatesacrificing; and posterior-stabilized knee designs. 13 While the authors do not report their methodology for implant selection, the posterior-stabilized knees in that study demonstrated a mean range of motion (112°) that was significantly greater than the cruciate retaining knees (104°).
Wear
Marked polyethylene wear has been reported more frequently in cruciate-retaining knee designs with a flat-on-flat tibio-femoral articulation; thin tibial polyethylene inserts; and/or heat-pressed tibial polyethylene. A tight posterior cruciate ligament has also been implicated with posterior tibial wear. Cruciate-retaining total knee designs that have a moderately conforming tibio-femoral articulation in both the coronal and sagittal planes have had few problems with excessive polyethylene wear. 6 Polyethylene wear has not proven to be a major issue in the Insall Burstein posterior-stabilized total knee arthroplasty. This posterior-stabilized design includes a conforming tibio-femoral articulation in both the coronal and sagittal planes. This conformity has demonstrated very favorable wear characteristics. While the femoral tibial articulation can be a source of polyethylene wear debris, there is concern that modular tibial components introduce a new source of polyethylene wear -the tibial undersurface. 24 Parks et al. have shown that micromotion does occur between the tibial polyethylene and the tibial base plate in all implant designs. 25 However, the degree of motion is very variable and is dependent on the design of the tibial locking mechanism. In addition, the degree of polyethylene wear is dependent, not only on the amount of motion, but the quality of the polyethylene and the roughness of the tibial base plate. With a posterior stabilized knee, the femoral cam and tibial post articulation can be another source of polyethylene wear. However, investigators have observed variability in the tibial post wear patterns among designs do to the differences in the cam-post mechanism, post location and post geometry. 26 There has also been an incidental case of post fracture. 21 
Loosening
Originally, it was believed that the introduction of a spine -cam mechanism to a total knee design would increase constraint and thereby increase the incidence of component loosening. This however did not materialize. With the Insall Burstein posteriorstabilized knee, the interaction of the femoral cam with the tibial post results in a net compressive force directed down the shaft of the tibia. Bone cement is well suited to withstand those compressive forces. Clinical results confirm that the bone cement interface beneath the tibial component of a posterior stabilized total knee is durable. With the use of a cemented metalbacked tibial component, the posterior stabilized prosthesis has demonstrated a 14 year survivorship of 98.1%. 12 In the cruciate-retaining knee the intact posterior cruciate ligament may be able to resist shear stresses that occur at the prosthesis interface. That theoretical resistance to shear stress has not resulted in a survivorship advantage for the cruciate-retaining knees. At 10 to 15 years follow-up there is little in the literature to suggest a clinical difference between the durability of the bone-prosthesis-cement interfaces of cruciate-retaining and posterior-stabilized knee designs. 32, 34, 38 Proprioception It has been suggested that preservation of the posterior cruciate would improve proprioception following total knee arthroplasty since mechanoreceptors have been identified in both the anterior and posterior cruciate ligaments. However, recent reports suggest that marked neurologic degeneration occurs within the posterior cruciate ligament as part of the arthritic process. 17 Clinical studies are not decisive as to which implant design has better proprioception, since it is most likely the degree of arthritis within the joint that actually determines propriocetion. Warren et al. observed that proprioception improved after total knee arthroplasty with either a cruciate-retaining or posterior-stabilized knee design, but suggested that greater improvement occurred after the cruciateretaining total knees. 37 In contrast, Simmons et al. noted that in patients with severe arthritis better postoperative proprioception was obtained with a posterior-stabilized total knee arthroplasty. 33 Becker et al. have compared bilateral paired cruciate-retaining and posterior-stabilized knees. 4 Fifty percent of the patients were unable to express a preference for one knee or the other. The other 50% were equally divided between those who preferred the cruciate-retaining knee and those who preferred the posterior-stabilized knee.
Gait Analysis
Andriacchi et al. suggested that patients with posterior cruciate retaining total knees had more normal stair climbing ability then patients with a posterior stabilized knee. 2 These authors also found that all patients with a total knee arthroplasty demonstrated gait abnormalities during normal walking that included: shorter stride length, reduced mid-stance flexion, and abnormal mechanics of the knee as reflected in the flexion and extension moments at the knee. Using comprehensive gait analysis and isokinetic muscle testing, Wilson et al. have recently studied 16 patients with posterior stabilized total knees and compared them to 32 age-matched control subjects. 39 Wilson et al. found no significant differences between the posterior-stabilized knees and normal knees in regard to spatio-temporal gait parameters, knee range of motion during stair climbing or in isokinetic muscle strength. When compared to historical controls, Wilson judged the posterior-stabilized total knee to be equivalent to the cruciate retaining designs and superior to the cruciate sacrificing total condylar knee. These authors have subsequently performed a matched study of bilateral total knee arthroplasties with a posterior-stabilized knee on one side and a cruciate retaining knee on the opposite side. With the same comprehensive gait analysis, no difference was seen in gait parameters or stair climbing ability between the cruciate retaining and posterior stabilized knees.
Correction of Deformity
Many authors, including some who routinely choose to utilize cruciate-retaining knee designs, have reported that the correction of fixed angular deformities of the knee and subsequent balance of the medial and lateral collateral ligaments are more difficult when the posterior cruciate ligament is retained .3,13 If a surgeon chooses to implant a cruciate retaining knee in the patient with a fixed angular deformity then partial release of the posterior cruciate has been recommended by Ritter. 29 Laskin has reported the results of total knee arthroplasty in patients with a preoperative varus deformity of more than 15°. 19 At 10 years follow-up the 65 knees with a cruciate-retaining knee had more pain, more radiolucencies beneath the prostheses, less range of motion, and lower survivorship when compared to 50 posterior-stabilized total knee arthroplasties. While retention of the posterior cruciate may be technically possible in the patient with a fixed deformity, it is technically more demanding and may compromise the long-term results of the total knee arthroplasty when compared to a posterior stabilized knee.
Bone Loss
The housing of the femoral intercondylar notch of the posterior stabilized knee requires the resection of additional bone from the distal femur. Some surgeons have expressed concern that removal of this intercondylar bone may lead to marked bony deficiency at the time of revision total knee arthroplasty. However, no studies to date have suggested that intercondylar bone loss associated with posterior-stabilized knee designs compromises the results of revision total knee arthroplasty. Mintzer et al. have demonstrated that pronounced stress shielding occurs beneath the anterior femoral flange of both cruciate retaining and posterior stabilized knees. 22 This suggests that whatever bone remains in the notch region of cruciate retaining knees is of poor quality. Additionally, most surgeons choose to implant a posterior-stabilized knee at the time of revision knee arthroplasty and thus bone loss from the intercondylar notch is often inconsequential.
Stability
Several recent biomechanical studies have shown that it is difficult to reproduce the normal strain pattern in the posterior cruciate ligament after a cruciate retaining total knee. In 8 knees, Incavo et al. found the posterior cruciate was too tight in 3 knees and too loose in 3 knees. 14 Mahoney et al. tested 8 knees using several different cruciate retaining designs and found that over-tightening the posterior cruciate occurred frequently, which resulted in either loss of flexion or ligament rupture. 20 Recent clinical reports have suggested that delayed rupture of the posterior cruciate can cause pain and instability following cruciate retaining total knee arthroplasty. Pagnano et al. have reported on 25 painful, posterior cruciate retaining total knee replacements treated at the Mayo Clinic for flexion instability. 23 These knees were all well aligned and well fixed with no evidence of mediallateral laxity, infection, loosening or reflex sympathetic dystrophy. These patients presented with a typical constellation of symptoms including: a sense of knee instability without true giving way episodes, recurrent knee effusion, and generalized soft-tissue tenderness around the knee. On examination, all of these patients had an unbalanced flexion gap as demonstrated by a posterior sag sign at 90° of flexion or a positive posterior drawer test. At the time of revision total knee arthroplasty, the investigators found that the posterior cruciate was grossly incompetent in all cases. These authors recommended revision of the unstable cruciate retaining total knee to a posterior stabilized knee with appropriate balance of the flexion and extension spaces.
The Young and Active Patient
Based on the initial success of total knee arthroplasty in young patients with rheumatoid arthritis or juvenile rheumatoid arthritis, the indications have been expanded to younger patients with osteoarthritis or post-traumatic arthritis. The issue of whether or not to use a posterior cruciate retaining or substituting design in young active patients appears to be philosophical. Several authors have suggested that the benefits of posterior cruciate ligament retention would be most apparent in the young, active patient. Several studies from the 1980's suggested favorable 3 to 5 year results with both cruciate retaining and cruciate sacrificing total condylar knees in patients under the age of 55. The majority of patients in those studies had a preoperative diagnosis of rheumatoid arthritis. A recent report by Diduch et al. with an average 8 year follow-up of 114 posterior stabilized total knees in patients under the age of 55 years has demonstrated very favorable results. 8 All of the patients in this series, with a mean age of 51, had a diagnosis of degenerative or post-traumatic arthritis. Polyethylene wear, loosening, and osteolysis were not commonly seen in this group of young and active patients. Twenty-four percent of the patients, in this series, regularly participated in activities such as tennis, skiing, cycling, or heavy farm or construction work. The cemented posterior stabilized total knees in this series appeared to be reliable in relieving pain and improving function and appeared to be durable at a mean follow-up of 8 years.
CLINICAL RESULTS
Insall et al. initially reported the 2 to 4 year results of 118 posterior stabilized knees in 1982. 16 Several other investigators have also reported their experience with a posterior stabilized implant and their results can be seen in Table 2 .
Survivorship analysis is one method of determining the longevity of a particular implant design. While the original Insall Burstein posterior stabilized implant had an all polyethylene tibial component, a recent survivorship analysis has confirmed that metal backing of the tibial component has enhanced fixation and reduced the rate of aseptic loosening of the tibial component. 12 The cumulative survivorship of posterior stabilized implants is shown in Table 3 . 
C O N C L U S I O N S
Arguments that suggested that retention of the posterior cruciate ligament during total knee arthroplasty would allow better range of motion, better joint stability, more normal gait, and enhanced prosthetic longevity have not been supported by the latest clinical and basic science research. In the United States there has been a marked increase recently in the use of posterior stabilized prostheses for primary total knee arthroplasty. That shift toward the posterior stabilized knee is reflected in the experience of one of the largest orthopedic centers, the Mayo Clinic. In 1990 less than 10% of all primary total knees at the Mayo Clinic were of a posterior stabilized design. By 1997 the posterior stabilized design was used in 75% of all primary total knee replacements.
The range of motion after posterior stabilized total knee arthroplasty averages 112° to 115° in several large series and motion greater than 90° is more reliably attained with a posterior stabilized knee. 6, 13 While occasional instances of dislocation do occur after posterior stabilized knee arthroplasty, it is now apparent that flexion instability may be more frequent and problematic in the cruciate retaining knees. Recent gait analysis studies do not support a difference between posterior stabilized and cruciate retaining knees in regard to stair climbing ability. Finally, the durability of the cemented posterior stabilized total knee has been well established and represents the gold standard in regard to prosthetic longevity. We recommend the use of a cemented, posterior stabilized total knee arthroplasty as the implant of choice for primary total knee arthroplasty.
